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(57) Abstract: A rotating electrical machine, such as an aircraft starter-generator, that includes an exciter that has its stator windings 
O supplied with electrical power from a power supply. One or more switches are electrically coupled between the exci ter stator winding 
J> and the power supply and are configured and controlled so that a capacitance may be selectively placed electrically in series with the 
^ exciter stator windings. 
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GAS TURBINE ENGINE STARTER-GENERATOR EXCITER STARTING 

SYSTEM AND METHOD 

FIELD OF THE INVENTION 
[0001] The present invention relates to rotating electrical machines such as high 
speed starter generators for gas turbine engines and, more particularly, to a starter- 
generator exciter starting system and method. 
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BACKGROUND OF THE INVENTION 
10 [0002] An aircraft may include various types of rotating electrical machines such 
as, for example, generators, motors, and motor/generators. Motor/generators are used 
as starter-generators in some aircraft, since this type of rotating electrical machine 
may be operated as either a motor or a generator. 

[0003] An aircraft starter-generator may include three separate brushless 
generators, namely, a permanent magnet generator (PMG), an exciter generator, and a 
main motor/generator. The PMG includes permanent magnets on its rotor. When the 
PMG rotor rotates, AC currents are induced in stator windings of the PMG. These 
AC currents are typically fed to a regulator or a control device, which in turn outputs 
a DC current if the starter-generator is operating as a generator. Conversely, if the 
starter-generator is operating as a motor, the control device supplies AC power. 
[0004] If the starter-generator is operating as a generator, the DC current from the 
control device is supplied to stator windings of the exciter. As the exciter rotor 
rotates, three phases of AC current are typically induced in the exciter rotor windings. 
Rectifier circuits that rotate with the exciter rotor rectify this three-phase AC current, 
and the resulting DC currents are provided to the rotor windings of the main 
motor/generator. Finally, as the main motor/generator rotor rotates, three phases of 
AC current are typically induced in the main motor/generator stator, and this three- 
phase AC output can then be provided to a load. 

[0005] If the starter-generator is operating as a motor, AC power from the control 
device is supplied to the exciter stator. This AC power induces, via a transformer 
effect, ah electromagnetic field in the exciter armature, whether the exciter rotor is 
stationary or rotating. The AC currents produced by this induced field are rectified by 
the rectifier circuits and supplied to the main motor/generator rotor, which produces a 
DC field in the rotor. Variable frequency AC power is supplied from the control 
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device to the main motor/generator stator. This AC power produces a rotating 
magnetic field in the main stator, which causes the main rotor to rotate and supply 
mechanical output power. 

[0006] A starter-generator, such as the one described above, may be used to start 
5 the engines or auxiliary power unit (APU) of an aircraft when operating as a motor, 
and to supply electrical power to the aircraft power distribution system when 
operating as a generator. Thus, when operating as a motor, a starter-generator may be 
designed to supply mechanical output torque sufficient to start the engines, and when 
operating as a generator, the starter-generator may be designed for optimal generator 
10 performance. 

[0007] In addition to various performance criteria, the starter-generator may also 
be designed with certain design constraints on size and/or weight. Various start er- 
generator system components may impact system size and/or weight, and may 
simultaneously impact motor performance, generator performance, or both. For 

15 example, in order to supply sufficient output torque, the power supply that supplies 
the AC power to the exciter stator during operation as a motor may cause system 
weight, and/or size to increase, which may also cause an increase in system cost. 
[0008] Hence, there is a need for a starter-generator that, when operating as a 
motor, can generate torque that is sufficiently high to start an aircraft engine without 

20 significantly impacting the starter-generator size and/or weight and/or cost. The 
present invention addresses one or more of these needs. 

SUMMARY OF THE INVENTION 
[0009] The present invention relates to a gas turbine engine starter-generator that, 
25 when operating as a motor, can generate torque that is sufficiently high to start an 
aircraft engine. 

[00010] In one embodiment of the present invention, and by way of example only, 
a gas turbine engine starter-generator includes a housing, a shaft, a main rotor, a 
main stator, an exciter rotor, an exciter stator, a power supply, a capacitance element, 
30 and a control circuit The shaft is rotationally mounted within the housing. The main 
rotor is mounted on the shaft, and the main stator is mounted within the housing and 
is located at least partially around at least a portion of the main rotor. The exciter 
rotor is mounted on the shaft; and the exciter stator has windings wound thereon and 
is mounted within the housing and is located at least partially around the exciter rotor. 
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The power supply is electrically coupled to the exciter stator windings. The control 
circuit is operable to selectively electrically couple the capacitance element In series 
between the power supply and the exciter stator windings. 
[00011] In another exemplary embodiment, a motor/generator includes a 
5 rotationally mounted main rotor, a stator, an exciter, a power supply, a capacitance 
element, and a control circuit. The main stator is located at least partially around at 
least a portion of the main rotor. The exciter includes a rotor configured to rotate with 
the main rotor and a stator having windings wound thereon. The power supply is 
electrically coupled to the exciter stator windings. The control circuit is operable to 
10 selectively electrically couple the capacitance element in series between the power 
supply and the exciter stator windings. 

[00012] In still another exemplary embodiment, a method of operating a starter- 
generator in a generator mode and a motor mode in an aircraft starter-generator that 
includes at least an exciter assembly having a stator with windings wound thereon. 

15 AC power is supplied to the exciter stator windings via a first electrical path having a 
capacitance element electrically coupled in series therein, to thereby operate the 
starter-generator in the motor mode. DC power, rather than AC power, is supplied to 
the exciter stator windings via a second electrical path that does not have the 
capacitance element therein, to thereby operate the starter-generator in the generator 

20 mode. 

[00013] In yet still another exemplary embodiment, a method of modifying a gas 
turbine engine starter-generator that includes at least an exciter assembly having a 
stator with windings thereon. A first electrical path having a capacitance element 
electrically coupled in series therein is electrically coupled in series with the stator 
25 windings. A second electrical path is electrically coupled in parallel with the first 

electrical path. At least a first controllable switch is electrically coupled in series in at 
least one of the first and second electrical paths. 

[00014] Other independent features and advantages of the preferred starter- 

generator will become apparent from the following detailed description, taken in 
30 conjunction with the accompanying drawings which illustrate, by way of example, the 
principles of the invention. 
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BKDEF DESCRIPTION OF THE DRAWINGS 
[00015] FIG. 1 is a functional schematic block diagram of an exemplary high speed 
starter-generator system according to an embodiment of the invention; 

FIG. 2 is a perspective view of a physical embodiment of the starter- 
5 generator system depicted in FIG. 1; 

FIG. 3 is a functional schematic block diagram of one exemplary exciter 
generator stator winding configuration and control circuit that may be used in the 
starter-generator depicted in FIGS. 1 and 2; and 

FIG. 4 is a functional schematic block diagram of another exemplary 
10 exciter generator stator winding configuration and control circuit that may be used in 
the starter-generator depicted in FIGS. 1 and 2. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
[00016] Before proceeding with the detailed description, it is to be appreciated 

15 that the present invention is not limited to use in conjunction with a specific type of 
electrical machine. Thus, although the present invention is, for convenience of 
explanation, depicted and described as being implemented in a brushless AC 
(alternating current) motor/generator, it will be appreciated that it can be implemented 
in other AC motor/generator designs needed in specific applications. 
20 [00017] Turning now to the description, and with reference first to FIG. 1, a 
functional schematic block diagram of one embodiment of a high speed 
motor/generator system 100 is shown. This exemplary motor/generator system 100, 
which is commonly known as a brushless AC motor/generator, includes a permanent 
magnet generator (PMG) 1 10, an exciter 120, a main motor/generator 130, a 
25 motor/generator control unit 140, and one or more a rectifier assemblies 150. It is 

noted that the motor/generator system 100 may be used as a starter-generator for a gas 
turbine engine in aircraft, space, marine, land, or other vehicle-related applications 
where gas turbine engines are used. For aircraft applications, gas turbine engines are 
used for propulsion (e.g., the aircraft's main engines) and/or for power (e.g., the 
30 auxiliary power unit (APU)). 

[00018] When the motor/generator system 100 is operating as a generator, a rotor 
1 12 of the PMG 1 10, a rotor 124 of the exciter 120, and a rotor 132 of the main 
motor/generator 130 all rotate. As the PMG rotor 1 12 rotates, the PMG 1 10 generates 
and supplies AC power to the motor/generator control unit 140, which in turn supplies 
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controllable direct current (DC) power to a stator 122 of the exciter 120. The exciter 
rotor 124 in turn supplies AC power to the rectifier assemblies 150. The output from 
the rectifier assemblies 150 is DC power and is supplied to the main motor/generator 
rotor 132, which in turn outputs AC power from a main motor/generator stator 134. 
5 [00019] During its operation as a generator, the motor/generator system 100 is 
capable of supplying output power at a variety of frequencies. Alternatively, a 
gearing system may be used to operate the motor/generator at a constant speed and, 
thus, supply a constant frequency. The output power from the main motor/generator 
stator 134 is typically three-phase AC power. One or more stator output leads 135 
10 supplies the generated AC power to external systems and equipment via one or more 
terminal assemblies 160, which are discussed in more detail below. The 
motor/generator control unit 140 can regulate the power output based upon 
monitoring signals provided to it from monitoring devices 195. In the depicted 
embodiment, the PMG 1 10, the exciter 120, and the main motor/generator 130 all 
15 rotate along a single axis 198 at the same rotational speed. It will be appreciated, 

however, that in other embodiments the PMG 110 may rotate along a different axis. 
Moreover, the relative positioning of the PMG 1 10, the exciter 120, and the main 
motor/generator 130 can be modified in different embodiments such that the exciter 
120 is physically between the PMG 1 10 and the main motor/generator 130. 
20 [00020] When the motor/generator system 100 is operating as a motor, AC power 
is supplied to the exciter stator 122 and the main motor/generator stator 134 from, for 
example, an AC power supply section (discussed below) in the motor/generator 
control unit 140, causing the main motor/generator rotor 132 to rotate. As the main 
motor/generator rotor 132 rotates, the PMG 1 10 and exciter 120 also rotate. A 
25 position sensing device, such as a resolver unit 136, may also be included in the 

system 100 to supply a signal representative of the main motor/generator rotor 132 
position to the motor/generator control unit 140. This position signal is used to 
control the AC power supplied to the main motor/generator stator 134 and to the 
exciter such that the maximum torque is generated. It will be appreciated, however, 
30 that the resolver unit 136 need not be included in the motor/generator system 100. 

Instead, the position signal may be produced using a sensorless method, in which the 
position is derived from various electrical signals in the motor/generator system 100 
using, for example, a software algorithm. A perspective view of an exemplary 
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physical embodiment of at least those portions of the motor/generator system 100 that 
are mounted within a housing 200 is illustrated in FIG. 2. 

[00021] The exciter stator 122 and exciter rotor 124, as shown schematically in 
FIG. 3, are each made up of a plurality of windings 302 and 304, respectively (the 
> exciter stator windings 302 are schematically depicted as including an inductive 

component L and a resistive component R). As was noted above, during operation as 
a generator the control unit 140 supplies controllable DC power to the exciter stator 
windings 302, and during operation as a motor the control unit supplies AC power to 
the exciter stator windings 302. Thus, the control unit 140 includes a first power 
supply 306 that is operable to supply either DC power or AC power. It will be 
appreciated that the first power supply 306 may include physically separate AC and 
DC sections, or could be a single section that is configurable to supply either AC or 
DC power. When operating as a generator, the first power supply 306 supplies 
controllable DC power to the exciter stator windings 302. The DC power supplied to 
the exciter stator windings 302 generates a magnetic field in the exciter stator 122. A 
prime mover (not illustrated not illustrated in FIG. 3) rotates the exciter rotor 124 and 
AC power is induced in the exciter rotor windings 304 as the exciter rotor 124 rotates 
through this magnetic field. 

[00022] The control unit 140 also includes a second power supply 308 that supplies 
AC power. When operating as a motor, the first power supply 306 supplies AC 

power to the exciter stator windings 3 02, and the second power supply 308 supplies 
AC power to the main motor/generator stator 134 (not illustrated in FIG. 3). The AC 
power supplied to the exciter stator windings 302 generates an oscillating magnetic 
field in the exciter stator windings 302. This oscillating magnetic field induces a 
voltage in the exciter rotor windings 304, which causes an AC current to flow in the 
exciter rotor windings 304. This AC current is rectified by the rectifier assemblies 
150 and the resultant DC current is supplied to the main motor/generator rotor 132, 
providing the DC excitation. 

[00023] The exciter stator windings 302 are wound on the exciter stator 122 and 
are selectively coupled to the first power supply 306 via either a first electrical circuit 
path 3 1 0 or a second electrical circuit path 3 12. The first 3 1 0 and second 3 1 2 
electrical circuit paths are electrically coupled in parallel with one another and in 
series between the first power supply 306 and the exciter stator windings 302. The 
first electrical circuit path 310 includes a series-coupled capacitance circuit element 
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314, and the second electrical circuit path 3 12 includes a series-coupled controllable 
switch 316. It will be appreciated that the capacitance circuit element 314 may be any 
one of numerous circuit elements or devices that function as a capacitor. It will 
additionally be appreciated that the controllable switch 3 16 may be any one of 
5 numerous circuit elements or devices that provide a controlled switching function. 

[00024] During operation as a generator, switch control logic 318 closes the switch 
316. With switch 3 1 6 closed, the first electrical circuit path 3 1 0, and thus the 
capacitance circuit element 3 14, is bypassed, and the stator windings 302 are coupled 
to the first power supply 306 via the second electrical circuit path 3 12. Conversely, 
1 0 during operation as a motor, the switch control logic 3 1 8 opens the switch 316, which 
electrically opens the second electrical circuit path 3 12, and couples the stator 
windings 302 to the first power supply 306 via the first electrical circuit path 3 10. 
Placing the capacitance circuit element 314 in series with the exciter stator windings 
302 allows more real power to be supplied from the first power supply 306 to the 
15 stator windings 302. 

[00025] Generally, when the motor/generator system 100 is being implemented as 
an aircraft starter-generator, it is initially operated as a motor, since the aircraft is 
initially on the ground and the aircraft engine or APU is being started. Thus, switch 
316 is open, electrically coupling the exciter stator windings 302 to the first power 
20 supply 306 via the first electrical circuit path 3 10. In addition, the first power supply 
306 is electrically configured to supply AC power to the exciter stator windings 302. 
As noted above, this AC power induces a voltage in the exciter rotor 124, which in 
turn is used to provide the DC excitation to the main motor/generator rotor 132. As 
was also noted above, the second power supply 308 supplies AC power to the main 
25 motor/generator stator 134, which generates a field therein. The flux interaction 
between the main motor/generator stator 134 and main motor/generator rotor 132 
gives rise to rotation. Then, when the rotational speed reaches a predetermined 
magnitude and is increasing, the motor/generator system 100 switches to operation as 
a generator. To do so, the switch control logic 3 1 8 automatically closes switch 3 1 6, 
30 bypassing the first electrical circuit path 3 10 and coupling the first power supply 306 
to the exciter stator windings 302 via the second electrical circuit path 312. In 
addition, the second power supply 308 is electrically decoupled from the main 
motor/generator stator 134. It will be appreciated that the predetermined rotational 
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speed at which system operation changes from the motor mode to the generator mode 
may vary, depending on the type of engine that is being started. 
[00026] Turning now to FIG. 4, an alternative embodiment is shown in which the 
first 310 and second 312 electrical circuit paths each include a series-coupled 
5 controllable switch. In particular, the first electrical circuit path 310 includes a first 
series-coupled controllable switch 402, and the second electrical circuit path 312 
includes a second series-coupled controllable switch 404. The first 402 and second 
404 controllable switches are controlled by the switch control logic 318 such that, for 
operation in the motor mode, the first controllable switch 402 is closed and the second 
10 controllable switch 404 is open. Conversely, for operation in the generator mode, the 
first controllable switch 402 is open and the second controllable switch 404 is closed. 
The generator system 1 00 operates substantially the same as the embodiment depicted 
in FIG. 3, with the exception of the operations of the first 402 and second 404 
controllable switches. 

15 [00027] The starting circuit and control scheme allows a starter-generator, when 
operating as a motor, to generate torque that is sufficiently high to start an aircraft 
engine without adversely impacting the starter-generator's performance in the 
generating mode. In addition, the present invention does so without significantly 
impacting the starter-generator's size, weight, and cost, since the AC power supply 
20 section included in the starter-generator control unit need not be designed to supply 
AC power using a relatively high AC voltage magnitude. 

[00028] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted for elements thereof without departing 

25 from the scope of the invention. In addition, many modifications may be made to 
adapt to a particular situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is intended that the invention 
not be limited to the particular embodiment disclosed as the best mode contemplated 
for carrying out this invention, but that the invention will include all embodiments 

30 falling within the scope of the appended claims. 
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1. A gas turbine engine starter-generator, comprising: 
a housing (200); 

5 a shaft rotationally mounted within the housing (200); 

a main rotor mounted on the shaft; 

a main stator mounted within the housing (200) and located at least partially 
around at least a portion of the main rotor; 

an exciter rotor (124) mounted on the shaft; 
1 0 an exciter stator (122) mounted within the housing (200) and located at least 

partially around the exciter rotor (124), the exciter stator (122) having windings 
wound thereon; 

a power supply (306) electrically coupled to the exciter stator windings (302); 
a capacitance circuit element (3 14); and 

a control circuit operable to selectively electrically couple the capacitance 
circuit element (314) in series between the power supply (306) and the exciter stator 
windings (302). 



15 



20 



2. The starter-generator of Claim 1, further comprising: 
a first electrical circuit path (310) electrically coupled in series with the exciter 
stator windings (302), the first electrical circuit path (3 10) having the capacitance 
circuit element (314) electrically coupled in series therein; 

a second electrical circuit path (3 12) electrically coupled in parallel with the 
first electrical circuit path (3 10) and in series with the exciter stator windings (302); 
25 and 

a first controllable switch (3 1 6, 402) electrically coupled in series in at least 
one of the first and second electrical circuit paths (310, 3 12), 

wherein the control circuit selectively positions the first controllable switch 
(316, 402) to selectively electrically couple the first electrical circuit path (3 1 0) in 
30 series between the power supply and the exciter stator windings (302). 

3 . The starter-generator of Claim 2, wherein the first controllable switch 
(402) is electrically coupled in series in the first electrical circuit path (3 10), and 
wherein the starter-generator further comprises: 
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a second controllable switch (404) electrically coupled in series in the second 
electrical circuit path (3 12), 

wherein the control circuit selectively positions the first and second 
controllable switches (402, 404) such that when one of the controllable switches is 
5 closed, the other is open. 

4. The starter-generator of Claim 3, wherein the control circuit includes: 
switch control circuitry operable to selectively position the first and second 

controllable switches (402, 404). 

10 

5 . The starter-generator of Claim 1 , further comprising: 

a first electrical circuit path (3 10) electrically coupled in series with the exciter 
stator windings (302), the first electrical circuit path (310) having a first controllable 
switch (402) and the capacitance circuit element (314) electrically coupled in series 
15 therein; and 

a second electrical circuit path (312) electrically coupled in parallel with the 
first electrical circuit path (310) and in series with the exciter stator windings (302), 
the second electrical circuit path (312) having a second controllable switch (404) 
electrically coupled in series therein, 
20 wherein the control circuit selectively positions the first and second 

controllable switches (402, 404) such that when one of the controllable switches is 
closed, the other is open. 

6. The starter-generator of Claim 5, wherein the control circuit includes: 
25 switch control circuitry operable to selectively position the first and second 

controllable switches (402, 404). 



is 



7. The starter-generator of Claim 1, wherein the power supply (306) 
operable to selectively supply one of AC power and DC power to the exciter stator 
30 windings (302). 
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^ (57) Abstract: A rotating electrical machine, such as an aircraft starter-generator, that includes an exciter that has its stator windings 

O su PP lied with electrical power from a power supply. One or more switches are electrically coupled between the exciter stator winding 

^ and the power supply and are configured and controlled so that a capacitance may be selectively placed electrically in series with the 

^ exciter stator windings. 



3NSDOCID: <WO 20040381 96A3_L> 



WO 2004/038196 A3 I Mil IBHBI fl BlHi Iflll lllfl Hill llli I fl Ifl 11BI MB am MM Hill HQ MUD HH Bj| 



Published: 

— with international search report 

before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

12 August 2004 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 20040381 96A3_I_> 



INTERNATIONAL SEARCH REPORT 



mational Application No 

PCT/US 03/33019 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 F02C7/268 H02P9/00 H02P9/30 H02P6/00 



According to International Patent Classification (IPC) or to both natio nal classification and IPC 
B. FIELDS SEARCHED ~~ 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F02C H02P 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2002/117999 Al (MALICKI WALLY ET AL) 
29 August 2002 (2002-08-29) 
paragraph '0017! - paragraph '0021!; 
figures 1-3 



US 4 486 801 A (SPENCER WILLIAM ET AL) 
4 December 1984 (1984-12-04) 
column 5, line 68 - column 4, line 25; 
figure 1 



US 5 850 138 A (ADAMS CHRISTOPHER JOHN ET 
AL) 15 December 1998 (1998-12-15) 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

E' earlier document but published on or after the international 
filing date 

"f document which may throw doubts on priority ctaim(s> or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'Or document referring to an oral disclosure, use, exhibition or 
other means 

*P' document published prior to the international fiBng date but 
later than the priority date claimed 



T later document published after the International filing dale 
or priortty date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



29 June 2004 



Date of mailing of the international search report 

07/07/2004 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HV Rljswljk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Segaert, P 



Form PCTrtSA/210 (second sheel) (January 2004) 



3NSDOCID: <WO 20040381 96A3_|_> 



INTERNATIONAL SEARCH REPORT 

information on patent famUy members 



Patent document 
cited in search report 



Publication 
date 



(national Application No 

PCT/US 03/33019 



Patent family 
member(s) 



Publication 



US 2002117999 Al 29-08-2002 



US 4486801 



04-12-1984 



US 5850138 



15-12-1998 



EP 




2o-l 1—2003 


WO 


02071 ^fiQ A? 


1^-uy— 2002 


DE 


3135919 Al 


01-07-1982 


FR 


2494053 Al 


14-05-1982 


GB 


tuo/ l/o n , D 


IQ^nr moo 

ly-Ub— 1982 


II 




2o-U2— 1985 


IT 


1171644 B 


j.u uo lyo/ 


JP 


1026251 B 


23-05-1989 


JP 


57110026 A 


08-07-1982 


SE 


449675 B 


11-05-1987 


SE 


8106356 A 


11-05-1982 


FR 


2721448 Al 


22-12-1995 


FR 


2724500 Al 


15-03-1996 


GB 


2293704 A ,B 


03-04-1996 



Form PCT/1SA/210 (patent lamlly annex) (January 2004) 
BNSDOCID: <WO 20040381 96A3J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



Ud LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




